Background During the past half-century, the ECG has been used extensively for the diagnosis of left ventricular hypertrophy. Persons with ECG evidence of left ventricular hypertrophy are at increased risk for the development of cardiovascular disease.
.09) in women. Compared with a normal repolarization pattern, the presence of severe repolarization abnormalities was associated with an age-adjusted odds ratio of 5.84 (95% CI, 3 .55 to 9.62) in men and 2.47 (95% CI, 1.38 to 4.42) L eft ventricular hypertrophy (LVH) is causally related to high blood pressure1-6; its presence in a hypertensive patient is evidence of hypertensive target organ damage.3,7-9 During the past half-century, the ECG has been used extensively for the diagnosis of LVH.'0-13 Individuals with ECG evidence of LVH are at increased risk for a variety of cardiovascular disease sequelae, including angina pectoris, myocardial infarction, stroke, congestive heart failure, and sudden death." Emerging data from echocardiographic investigations indicate that increased left ventricular mass is associated with greater risk for cardiovascular morbidity and mortality. [19] [20] [21] [22] Echocardiographic studies also reveal that antihypertensive treatment can regress LVH in selected hypertensive patients.2324 However, it is not known if regression of LVH on the echocardiogram or on the ECG will reduce the excess burden of cardiovascular disease associated with this condition.
The Framingham Heart Study has routinely obtained ECGs every 2 years in study participants since its inception in 1948. The goals of this investigation were to examine the risk for cardiovascular disease associated with baseline ECG features and with their serial changes in subjects with ECG evidence of LVH.
Methods
Men and women between the ages of 28 and 62 years from the population of Framingham, Mass, were selected to participate in a prospective epidemiological study. The details of the study design and the population characteristics have been described elsewhere. 25, 26 through the 18th biennial examinations were eligible for inclusion in this study. The initial diagnosis of LVH was made by the examining physician at the time of the routine clinic visit on the basis of fulfillment of at least one of the following voltage criteria: R wave > 1.1 mV in aVL; R wave >2.5 mV in V5 or V6; S wave >2.5 mV in V, or V2; sum of S in V, or V2 plus R in V5 or V6 >3.5 mV; or sum of R in I and S in III >2.5 mV. One of the authors, who was blinded to clinical information, recorded all pertinent R-wave and S-wave voltage measurements to the nearest 0.1 mV. The amplitudes of the R wave in aVL and the S wave in V3 also were measured; their sum was considered an index of the severity of LVH.2728 All tracings were then reviewed by a second blinded author, who reviewed the voltage measurements and graded the repolarization features. Repolarization was categorized as normal, mildly abnormal (ST-T flattening, isolated ST depression, or T-wave inversion) or severely abnormal ("strain" pattern-ST depression in association with inverted or biphasic T waves). ECGs with complete right or left bundle-branch blocks, Wolff-ParkinsonWhite syndrome, or evidence of prior myocardial infarction were excluded from analysis. In addition, all tracings obtained in patients who were receiving digoxin were excluded from analyses of repolarization features.
Outcome Events
The end point of this investigation was incident cardiovascular disease; initial events occurring through the 19th biennial examination were eligible for analysis. At each examination, an assessment of interim cardiovascular disease events was undertaken on review of medical history, physical examination, 12-lead ECG, and hospital records. Medical records were obtained routinely for participants who did not appear for an examination and were evaluated for evidence of an interim cardiovascular disease event. All suspected cardiovascular disease events were reviewed by a committee of three physicians who evaluated pertinent records. The cardiovascular disease events considered in this study were coronary heart disease (including angina pectoris, coronary insufficiency, myocardial infarction, and coronary heart disease death), congestive heart failure, stroke or transient ischemic attack, intermittent claudication, and death from other cardiovascular causes. Criteria for the various cardiovascular disease events have been reported. 29 
Statistical Methods
Separate analyses were carried out in men and women. A pooled, person-examination approach was used in which each subject could contribute multiple observations.30 Subjects were classified into quartiles of baseline voltage according to the sum of the R wave in aVL plus the S wave in V3. Voltage was considered to be unchanged serially if the voltage at the follow-up examination fell within the same quartile; it was considered decreased if at the subsequent visit it changed to a lower quartile; and it was considered increased if it changed to a higher quartile.
The age-adjusted relations of baseline voltage quartile to systolic and diastolic blood pressures were tested by performing multiple linear regression analyses, which considered the blood pressure measurement as the dependent variable and the subject's age and voltage quartile as independent variables. A similar procedure was followed for baseline repolarization. The relations of serial ECG change to blood pressure changes were investigated in a similar manner, where the independent variables were age and the change in the ECG measure.
Surveillance for cardiovascular disease was censored when a subject did not attend a scheduled follow-up examination or was lost to follow-up. Otherwise, the follow-up period extended until a subject developed cardiovascular disease, died, or attended the next scheduled clinic examination approximately 2 years later. Separate logistic regression analyses of pooled, biennial examinations were performed to assess the associations with outcome both for baseline ECG voltage and repolarization features and for serial changes in these features. When used for logistic regression analyses, this approach has been shown to closely resemble the Cox proportional hazard regression model with time-dependent covariates. 30 The logistic regression analyses of baseline ECG measures were adjusted for age. The analyses of serial ECG changes were adjusted for age and the baseline ECG voltage quartile or repolarization category. Additional analyses of outcomes in relation to serial ECG changes were adjusted for age, serial change in systolic blood pressure, and baseline ECG voltage or repolarization. Odds ratios for an outcome event and corresponding 95% confidence intervals (CIs) were derived from the logistic models. Two-year incidence rates were age adjusted by the direct method, with the standardized distribution being the number of person-examinations above and below age 65.
For all analyses of cardiovascular disease outcome in relation to ECG features, only the initial eligible event to occur during follow-up was analyzed. For outcome analyses in relation to baseline ECG features, the population at risk consisted of those with LVH who were alive and free of cardiovascular disease at the index examination (examination n) and contributed follow-up toward cardiovascular disease outcome between the index examination and the next scheduled examination (between examinations n and n+1). For analyses of the associations of serial ECG changes with outcome, subjects were eligible only if they had a baseline ECG (examination n) that fulfilled criteria for LVH and survived free of cardiovascular disease to attend the next examination (n+ 1) at which a follow-up ECG was obtained. Follow-up for serial ECG changes extended from examination n+1 to examination n+2. As such, analyses based on serial ECG changes are based on a smaller sample size with fewer outcome events.
All analyses were two-sided. A result was considered to be statistically significant if P<.05.
Results

Study Population
Of the 5209 original subjects from the Framingham Heart Study who were enrolled in 1948, 509 men and 508 women were classified with LVH at a qualifying examination. After exclusions, the sample eligible for analysis of baseline ECG features consisted of 274 men and 250 women, who contributed 2660 person-examinations (Table 1) . 
ECG Features
Among subjects with LVH, the majority had normal or mildly abnormal repolarization; severe repolarization abnormalities were present in 13% of men and 22% of women (Table 3) .
Between successive biennial examinations, slightly more than half the subjects demonstrated no serial change in voltage quartile and three fourths experienced no change in repolarization features (Table 4) . A serial decline in voltage quartile was observed in 21% of subjects; a similar number had a serial increase in voltage. Serial improvement in repolarization features occurred in 17% of men and 15% of women with abnormal repolarization at baseline, and in about 10% The association of serial ECG findings with concomitant blood pressure changes is presented in Table 6 . Serial increases in voltage were associated with a serial increase in systolic and diastolic blood pressures in men and an increase in diastolic but not systolic blood pressure in women. Blood pressure change was margin- Fig 2; odds ratios are presented in Table 9 . Subjects with a serial decline in voltage were at lower risk for cardiovascular disease than those with no serial change (men: odds ratio, 0.46; 95% CI, 0.26 to 0.84; women: odds ratio, 0.56; 95% CI, 0.30 to 1.04). In contrast, those with a serial increase in voltage were at greater risk for cardiovascular disease (men: odds ratio, 1.86; 95% CI, 1.14 to 3.03; women, odds ratio, 1.61; 95% CI, 0.91 to 2.84).
Compared with those with no serial change, a serial improvement in repolarization was associated with a marginally significant reduction in cardiovascular risk in men (odds ratio after adjusting for age and baseline repolarization, 0.45; 95% CI, 0.20 to 1.01). Worsening of repolarization was associated with increased risk for cardiovascular disease in both sexes (men: odds ratio, 1.89; 95% CI, 1.05 to 3.40; women: odds ratio, 2.02; 95% CI, 1.07 to 3.81 women).
Additional Analyses
When the multivariable models exploring the relations of serial ECG changes to cardiovascular disease outcome were expanded to adjust for serum cholesterol, diabetes status, smoking status, and systolic blood pressure (in addition to age and baseline voltage quartile or repolarization category), the results were similar to those presented in Table 9 (odds ratio for decreased voltage, 0.48 in men and 0.59 in women; odds ratio for increased voltage, 1.68 in men and 1.67 in women; odds ratio for improved repolarization, 0.49 in men and 1.27 tOdds ratios for serial repolarization changes (between examination n and examination n+1) reflect adjustment for age and baseline repolarization at examination n. in women; odds ratio for worsened repolarization, 1.59 in men and 2.11 in women).
When analyses of cardiovascular disease outcome in relation to serial ECG changes were adjusted for the accompanying serial change in systolic blood pressure (in addition to age and baseline voltage quartile or repolarization category), the results were nearly identical to those presented in The increased risk for cardiovascular disease in subjects with baseline ECG evidence of LVH was substantial and proportional to the severity of voltage and repolarization abnormalities. Men and women in the top quartile of voltage were at threefold risk for cardiovascular disease compared with those in the bottom voltage quartile. Similarly, compared with a normal pattern of repolarization, severe baseline abnormalities were associated with a cardiovascular disease odds ratio of 5.84 in men and 2.47 in women. These findings confirm and extend prior reports of the risks associated with ECG evidence of LVH.1, [14] [15] [16] [17] [18] In contrast to prior studies of subjects with LVH, this investigation evaluated the impact of serial changes in voltage and repolarization on cardiovascular disease risk. Subjects with a serial decline in voltage experienced one half the risk for cardiovascular disease as those with no serial change. Conversely, risk was nearly doubled in those with a serial increase in voltage. Serial changes in repolarization also were predictive of risk; in men with an improvement in repolarization, there was about a 50% reduction in risk for cardiovascular disease. A serial worsening of repolarization was associated with a twofold hazard for cardiovascular disease.
More than 20 years ago, the Framingham Heart Study reported that LVH on the ECG was a strong indicator of cardiovascular disease risk.114 Subjects with ECG LVH have been shown to be at increased risk for a variety of cardiovascular sequelae, including angina pectoris, myocardial infarction, stroke, congestive heart failure, and sudden death.114-18 The present investigation extends prior findings by evaluating, separately, the contributions of baseline voltage and repolarization and examining the impact of serial changes in these features.
The mechanisms by which LVH is associated with increased risk for cardiovascular sequelae are not fully understood. Hypertrophy increases the oxygen requirement of the myocardium, which, in the setting of decreased supply due to atherosclerosis and decreased coronary reserve, imposes a hazard of ischemia. This is especially true when repolarization abnormalities are present.31 LVH also is associated with increased risk for arrhythmias32-36 and sudden death. 8, 20, 37 This study also provides evidence for an association of increased voltage and repolarization abnormalities on the baseline ECG with higher blood pressures. Subjects in whom serial ECGs revealed improvement in voltage or repolarization also tended to have a concomitant decline in blood pressure. These 
